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(57) Abstract: 



PURPOSE: A method for forming an interlayer 
dielectric is provided to prevent generation of 
a crack when using an SOG(Spin On Glass) 
coating layer as a capping oxide layer. 

CONSTITUTION: An insulating layer is formed 
on a substrate formed with an active device 
and a Wafer having a metallic line pattern is 
prepared(S1 0). An insulating layer for covering 
the metallic line pattern is formed by 
depositing a BPSG, an HDP oxide layer, and a 
polysilazane SOG layer(S12). The insulating 
layer is. polished by supplying a slurry using 
Si02, Ce02, AI203, and Mn203 as a base 
(S14). A coating layer is formed on the result 
material having a stepped portion by using a 
polysilazane coating solution(S16). A pre- 
baking process for a coating layer is 
performed under temperature of 50 to 350 
degrees centigrade during 1 to 5 minutes 
(S18). A hard baking process is performed 
(S20). An annealing process is performed 
(S22). 
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S 31 £ 4= Al S g^P g S § g §j OHH S233-604 
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3 3| £§eJ API Sgg^£l^£!0m|E 104-507(74) CH£I£J, sjS^&M/S'-P 



= ggg SZ^g^af §jg«fgOII a& =81 S I*S2| bH^BHSOl Ug3 e>£ 

»| 2151 ^CHI 13 9)1 SS6I2, dH^HHSSI £1301 £SEI£a| &OI g CMP3S°S 3 

0I3HQ', 3g5fi g^SPI 9lo|CH &OI ^0)1 S£l^£l£h§ SUSI-fe ^E! B gBH^ 31! 

8 £SSH1, ageiS 50 UXI 350 - C SES =£1 WI0IU5H2, OIOUH, 300 LHXI 500 'C g£^ 5h£ bHI 
01^8112. 3ge|S 11 M?) 31 Oil AH §xH£l&D1. H£1AH , ^ ^SOIIAHfe 8h£ tfllOlU I§i ^UJ&°S 
Ml 0^:n£J£lcr gfS S^alShOI EhEIM S^8 2U1IS°SM1 ggOIIAH gxH£l 01^ 3gQJ2| a 

^1^8 »XI» 4= SiCK 

a.ff-£ 

£5 

£ IS EhxIM D\B HHS &0|| §££! §aa|°J fiS g^&EHS UEItii E0. 

£ 2fe £ 121 S2I §3^011 CMP Sli ^AlShOI 531 g&SIIHI 2101S- £f EDS UEia £3. 

£ 3S £ 12| SSaiOII S CMP SSS *JA|5h01 IIH@2| tf@ ^EHS UE1fc« £2. 

£ 4fe £ 3°l M CMP S§ ^011 DIE! &V0II ££Sl 41 EH 3 UEItH £2! . 

£ 5fe & ^SOII 21 & S£l^£h51 S ^211^ §^2| §£ ^gi UEItb 32115. 

£68 S S^gOII 2| & S2i §^af ^§8131 £Ai£. 

£ 7 LH XI £ 10S B i^gOII 2|gf S2> §2^2) UQti! li £AH£. 

£ 11S £ ^SOII 2|& S0GSI8 ££l UIIOIU& ^. §S4E1 UEIUI^ FT-IR xlM. 

£ 12fe S mtXQU 2im SOG^S WyUS *, Sf^Sf UEIUIfe FT-IR »e 
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W30I ^of£r Jl£ 3/ J got 21 

e ^ss aa^t sgateioii &b 52§Ai t niai m(fuld cmp s§ m ^^m&w&m 

B£lftiBt&B g ^SHrMSOG : SPIN ON GLASS) 3S0ID. 

e2)iCHi g^EHSf SS §S OHfllSi s**e S^Oil CUdr «£« gxl£ Hl^o^ Bt&8t2 SID. 3 31 
is SOil SlOi AH , eJSESI SXIfe §^6^ gAIOil CHS 9 3 *i§ fe^S 3r§ 5101 2?gO. 

oias- s^chi ^ernoi sat s*i£, cj^^i g §s^e mm »#Ai9it »»ss sis pi 

sOI 8(832 21D. 

S3 M^o[D\ ¥!8hOj BSJ 5ie #011 &S W£ ^XrM tj£a r 0i0t »Ch xHMOil^ 3| ^ZfS^ 

ah^ aasoiof am a, 3^21 db^i pi^m a^i 9\6[o\ sis g§ sgoii ^§ ±x\mm H3I2I2S 

S^ahOJOt ft Hfim Si^il £J2JC*. M0S U drOIMdf VLSI ^ ULSI 9XIBS £>OI ^Xf#2| 
£26fb a^(multi level interconnection) ^SS ^=CK 

0|2[ SB &SL 2^ ^^OilAH , 84* (number of layerspl- g^&Oil CLfdUH . 2l&S(top layer)2| 
g£M topography)^ CH^ CH S = »ea. Oil S SB. S SEfer 3 01^2] S^rSOl ii££ICH .Sife 

aioijhb xni^ai-fe s^oii. o^2j **»nf. ai§ «aa £28 a si 1 s^mitfaoi s^acn 
e>s=si A oi moil si 1 «y aaa*s age* si 2 i^§§ ^aa r ^i «e uiofs naeo. si 1 

eZJ- BBW2I ^^MOI M^S (uneven) oPI MS Oil, SI 1 82J- aH^2| ££0I gegsm. 38H 

si 1 ezi- aas^oii si 2 s^§i sis i^aib spoilt, si 2 ^^§8 si 1 sz* a a 0*21 § 

t^U H^GH^OII 2S(fracture)SH! SI 1 82* aast&2| = ^ £53* M^B^I @Cf. 

01 ei£«l S»S| 4*SB X-iafA|3|Z). CTJ£UH. CIS 3^? S^^£(mult i level metal interconnection) 
OIIAHfe blOr EEfe SI 2 ^^§1 S^S^I S Oil «Z} 830*21 S&sfJr ifiWO. 

82* §2^1 S&£fOil CH8 r 0izr, dlM^^ ^£01 BPSG (Borophosphorous Silicate Glass)stOIU 

SOG(Spin-On-Glass)QJS OI§a^ gjaoiU. D\D\\^ a OKChemi cal Mechanical Polishing; CMP) 

em ^ms\ shoi unman sia. 

^u^o^ bH^eiHj at oHMSf^i ezi- ^^sisi sis^ah^ bpsgm oige^ ^soi yai 

Afgsjn ^r^£ hp^^°} Oruai- ^^oi ^a r oi s! a oil 21 ^g^M ussp %lq. 

a?u, eun2i 256011^^ ^oi^2j vlsim siss^i ^a r oj*= s^£^r e^ra r 2 cixreigoi a^aog o 

£K BPSGM Area^OI SZI 12^1 g^afOI dH^Z}2| ^2J DH^j^ (IHfe aoi^ ^ CHI 2J§h « £1 XI 2J 

2imo\ ^mo\ nah^c^u s§oiiAH2j A\mm oiis ^irsoi 4^ sjlu. o\m m 
a^i ¥ia r oi^ ^^r^ej ai#^^ nuigsi cmpssm ^saKXoi: ^ ^s^oi 

£ 1011 SEAIB Llh^ SOI. m?} a Hot S§8 ^IB(10)0II ^^dH^IIH&!(12) ^Oil §Z! 

§a.^(14)M £55fS tiH6jIIH&2J Bx r 0i! 2J §H S20| geahXI ^^@Cf. 0>£r/d, § 

§01 eoiah£^ sas s&a^i api ^ si-cm s^^o^ ojixi^ ssom cmp g§§ A^g^a. 

£ 2CHI £A|§!- ¥^ CMP S§8 a r ¥2] ^^UH^nHidOl ^#£JII §Z!i2^°l S£°! @&o^| a 

DhSfe 20IO. CridUH, HH&2J ^^£0il OTiar % CMP SI ^ if Oil St,^ ^Oi DISHING(AHttSgJo 

drdrAH, CI4J0IU S&£2| ^^sfg ^H^a^l ?|^W 6^ ffl|@2| a r ^ ?i^rXI 2tH CMP« 6^ 
M ( FULL ) CMP &&J0I Afg£iH SIQ. 

£ 3011 EAIff fi CMP SHS Ur^ ?IWX| HdHU^I a^SPI [EH^Oil iaAI3i:i 91 

nau. a cmp ^as ^anai2j e^oii a>a ^a r ^ o r oiBS ^aaiw(MiCRO scratch)^ aa r oj * 

^ SSOilAH SSg(RESIDUE)B B»A|51A1 SIM M&m &*tott= SSISOI 

SB, B CMP »B8 3»EB aDr^ BHS Ah0|2| Ba^OI 3JSE8^I aO^Oj BxH »«8MI BD. 

oi2f aoi Baa &xib £ 4011 eai» b^2f aoi ^»Btd6)oii asrs dim/h sa s^sm 

OJ CHI &>ohCM SOG^S 0|g§h ^a^M §^a r fe g§8 Ef^B g§2S I^^f SSS 

4^ ^§25 yai ^aixi sip. 

OIIS Ma, DI»S^ SI5. 310, 720^( issued to Shin et a I ) Ofl IBIU^SSB 8SS ^, BBIAI 

BlSfii 6.^^?i^|0ilAH 6^(f iring)6r0i M^£lg§2^ 2^A|3l^ &S0I ^HA|£jOi SACK 

SE&. Oll^e^ ^ai SI5.976.618s( issued to Shunichi Fukuyama et al.)0llfe SOGS E5B 

2 Ef^l2J ^xHBI g§I >17HAH 01 M 6hSJ- ^die^j^M 2^A|3I^ ^SOI JHAIEJCH 

B£l^a&5il2J SOG^ ^IS ^^01 Si-N. Si-H, N-Hgtr^S ^aSS. tt± ^ if S&ofe ^¥i^ie 

chi ah wioitjaha si-n a&oi si-oaB2s w*aa. 0121 sogm oisohoi tim ^£15212^ a 

^or^ 2iBB 3g SSf g§0il 2|5H 4^^^ v ^ SICHAH, dlSOl i^SCIb §S1 

^hxin sao. nsxia. si-n a&oi si-o ii2£ xi^axi^ ttB | H oi. a( ^^^ 
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mJWm 11-145286 

[Ej-EfAH . ttm ^E\B^B eeHHi Ahg£li=r BPSG^OIU TEOS^MUI <L*S* ^El^ejIUizr Of 

s §y 2^1^ 5^:q oh ^ oil m& i^^s a^s^qi^ shisoi ^ch sd. 

SE§>. S^|2§ £51 6^1 OH ^ Oil ^££Jhr ttSf ^£I^Q|S| ^fll£ ggB6*0| 

ie! 311 01 £ S^OIU 3^ bH<y^ ESi DISSS gB5M1 5H bHg 4- HSlCh 

S£I^E*& 2gg°-ijl £5^ DM Oil XII 31 SP I ?|SK)j 500 °C 01 ££0ilAH 

eei wioiue sasm. sai^atss 4!eie s&opi «5*oi ^si b?pioii/h 400^ 

Ol^o^ 4^ 4JB2i OJWBftCK 

Hd-iU. MEI^EtS" CHygAI 3gS|0i|AH OFS^EI^ SiH42l J\±2\ &mo\0\ 

Si022f IUEISOI ^^£101 B8atH3l SO. 0IH&. HI- El It 4* 4J nm 01^21 3^IM 

9* 9H 01 IB 21 Oiyti S3AI EfEIM^ SfSShOI QIOIXIB SO. 

S£| SB*S 3§Qf8 III- El M 4^ Oil AH LH ^S>il S«ech CHyU 9 3i^£| ^MP* 15,000 A 
0I#2| 3§*i«f« a SI *FJHI(MCFT : MAXIMUM CRACK FREE THICKNESS) OI^H^ 1^512 01 Oil ^^^o^ 

b^oi g^a^i at ^xiisoi sick 



oimJixf&ftr yim^ MM 

CLfEUH , B ^SSJ = B£ltfBt5S S»8hte ^5! £ MdH^ Sg^lM MSt2£ AfgAIOil 

3^ m&m axis 4- at aa isssi ^isatb aoip. 



spie b gjgsi is§^i ?imoi , b ^gsi szf a a st issss hhsoi asE 
xhi 3i» ^oii §2^1 i^6U, £2 ah^^i &>aoi ±msi^m ^pi m&^m m cmpss^^ aoi-oi- 

2. 3gan H«SPI 916^01 £PI MJttm ^Oil B&lg&h&S S^6fb A El £ ^£H^ 3g 
E56I2, 2H9fi 50 LH XI 350°C HEI HI 01 USUI. OIOI/H. 300 LH XI 500°C 6hH Ml 01 

DM, ttftBTPIOIAI BflBlfiQ. 

^, B SSOIIAlfe 300 LH XI 500°C°I 5hH ttilOI^J &3IIB ^S^^Mi *^ ^xHEl SSAI 0hS3h4jate 
&S m±SAm 4^ CO-EFAH , ^xHEl g§A| HI- El M ^HIS 4^ 2*1 El- . 

SE&. ^ ^ SOil AH 6h£ bUOlU 01^ Oil 3HQ|2J ^^il^l- MCFT Ol^ej 3^011^ Oilxl^i g§0IU CMP S 
§2^ ^gojoj ^^|^^ MCFT 0I6PI- £JSE^ ^^6^ 5§i Ei S&SFfc 3S0I d^^6^EL 

S^H U1I0IU 5§I ^^6^ 3H^2| ^JJIPI- MCFT 01^2] S^Oil^ Oil XI ^ £§0|Lh CMP g§2 
^ 3H^£J ^MD\ MCFT 015^^ ^^Shfe S§1 Ei S&ofe ^£ ^solO. 

S Oil AH M El ^ El- & ^^^01 -(SiH 2 NH) n -(^ S . n B §4^0|P)0l^ t §883 ^Xl- 

^01 4000 LHXI 80000IH, gXh^ ^5 £21- 3.0 LH XI IHStOIHS B£l61Bf& 3 LH XI 15ggT% * 

gDH 97 LHXI 85e^%M SB&D. 

s ^soii mm ^Ei^^ai^ ^^m^, =?^o\ -(sm 2 NH) n -(^^, n s ssi §4^010)0112, §gge 

^XHTOI 4000 LHXI 80000IH, ^XHT 3.0 LHXI 4.021 EHS^OIH^ MEI^E^&M 

MEI ^ BJ-5SI XII £ SXISICH 2*1 CI- . Oi S^2J ^gog Aib ¥0|^ g^|» ^SA|3| 

H , ^^^|( complex compound )M »HL|0F2I- ^gAI^Ai XHI ^ m ^ 910 . 

OI9 0IISE. SICU £^ SiH 2 CI 2 ^ ^Eie BKOlEa Oh°JM MEI^^&M 1,^6^ SS. 

^Ef&e ^^dl^^SEIOIE^OHM Mgs^OI MEl^E^^^ 2^8^ SS, SOI 
^QH(transition metal complex compouncOM Ah g 6^01 om stmm^. simmm 
^4^^(dehydrogenatlon)5^ §01 gX|£ICH 24CI. 

SE§[. 0I&S5? ^di Xil 5, 494,978^ (issued to Yasuo Shimizu et . al .)0Hi= ^X^^OI 100 LHXI 

100,0002] MEI^Eh^e OieoFOI ^^^! Xil^m^ »H0| ^HAISOi 2iEf. 

□IttS^ HI5.905. 130S (issued to Hirohiko Nakahara et al.)0||fe ME|0mi^^^ a&S3l- Sdl 

ShOIH^^llsfS sfg^g(polyhydrogenated nitrogen-containing compound)^ S ^1* OH SI-MI AH 

e}SAI3I^U. 8£l8J0IHS2a» ^Eie £f& h g(polyhydrogenated silicon compound)Hf MEIohOIH^eil 
^^-S^ sl^MM S9I£ H^l <^fi[M ^0H(basic solid oxide catalyst)°J ^XH ahCHi ^gAI^AH 
MEI ^ £[BS HI56f^ &S0I ^HA|£|Oi 2iEK 

□ l»S^ ^oi XHI 5 ,436, 398^ (issued to Yasuo Shimizu et al.)0||£ 4-S^ ^Xh^OI 1.1209J Iti6^0|H 

s»a«asg hs«i^ ^HAiaoi aa. 

Dli^e^ ^6H Xil 49373042 ( issued to Ayama et al.) U 814950381 fi( issued to Takeuchi et aDMIb 

moit= mx\%*m mei^^&m xhss^ &mo\ ^haisich 910. 

B ^ SOil AH A^gSfe S£ltt£f5S| XII5 ^SOIIfe «|&S SID. »eoll 2joH MEI^EfS 

B SOIo^l 4- £1CL 

sxi^ »hoii 2j6H nisa ihs^ihs Ba^sfsa b waou At sir 4- at£ii sxtgoii ca^ 

^^(fract ionat ion)M 0|§8t01 M#mOj Mm&Q. 

B ^SOIIAH At§3^ MEI^Ef^SI §§12 gXHTOI 4 ,000^ El SXtgOfl £|6H 
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I^KoutgassingPI- mDlolU, &m ^£1^2? XIUxlIHI B£| S»8K)J B^fe^OI gOloHAH 

XI SH. 8.000M SoifS^. S0Gg^°J BimO* 3gA|2j £Sg£]iz: SOGSJSj 

^^^(uniformity)OI ^OiXUH fctt»S|8Ha SO. 0£UH, IH8K>I=£ S£l6IBf»2| «»»S 4,000 Ui 
XI 8,000, WBS|8^lfc 4.500 LH XI 7.00001 0. 

SEeh, §§i2 ^x^m 4*«a ^x^si uie> sbi^^bsi mx\& msL^it 3.osa , mbi*j 

»SB HH2I aM^OI ^ Oi XI AH Hl£ 4-MOI U? ^OUH b^^^XI SH, 4.0M 5l6[0, <M- 

9 ^BI^HJ 2^01 Ut»S|8t)C| SO. Itt^AH . B£l«a»2| 3.0 LH Xt 4.0 

°J 5101 fcttBS|8hO. 

mz\^&&m &d\ goHoii sauisi/H sog^^m hisbo. a iteoii/H Aimm ^ si*r m 
= §1 Atsv 4- 210. 

B&lftlStBB S»8>te SOG g^S 8>¥^i Oil S 12, ^£1^ S»SJ0II CHoFOj 4° 0I6F2J ^§«e 2fS 
5101 UhBSjSm. saiSZtOI 4° SC[ aa, 8WOfj»o| ¥^§* (adhesion) 01 UU»/d tlfBS!»XI 3 

a. 

^21 SOGg^B g§§! SB ^£0ilAH 1 LH XI 10 mPa.s, tttg*S|8Mlte 1 l_H XI 8 mPa.s^i 8132 S£« 
5>feO. S ^SOil [QS S0Gg°»^ 54 LHXI 420 (1/s)2| SB ^£CHIAi 1 LH XI 10 mPa.sSJ 8I98 S£ 

m arto. 

&D\ SOGg^g SSOII O^AH^ §4:, B£. B! . bl^t, &± gUf »g Si^S ffi»8lte »BS 

M B6SSA) ^Oi£ 8m SVB 4= 9JiO . 0IEH& M^ggOilAH, §4:, g^, E! , bl^2f SS ^I^S 

soGg^oii mJimtz s^oii^, sogs^o^eh asafe &m *j£ie^oi ssswi a ch m?M 

S| BSGQf , BPSG^, PSG^HI- $?At» ^£ M 3£te af^S £j^SO. SEB. B^U ^ gJ^M S 

B8hte sfi^ge M ^ H si AH , &m «£ISO|OS2| ^£!A|fJ 4* StO. 

»3IB S S Oil *JSH #31 SOGQtB 3»8K)t B&B 5S1 SJfe tt» flaaot©3 S^AI^JO. 

as- emit H£i wioiu el^i * 8hH miois e^ii^ 

Hdl tHI 01 U S 50 °C LHXI 350 °C ^¥1 LH Otl AH 2 LHXI 3^ZI*I CfB^IS «8BD. 

8*E WIOIU^ Hdl tHI 01 U Oil bl 6h01 CH ^ B£0IIAH §A|2i B^e^a. ^, 300 LHXI 500 °C S?] LH CHI 

ah ^m^\ ^m?\ * ^tr ^^i^ihj ^^^iu- m± s a 

S ^?l^l^ 10^ LHXI 120M eel 2§&Cf. WIOIUS LHOH SiH4 ^^2| OFS^ 

M ^BAI^IAH Oiy^iSSAI SiH4 ^^01 OtS^^flfe SJ^sfA|3|^| flff 510ID. 

8hH WIOIIJOIIAI 500TCOI^£| ££0IIAH 4-S8^, CH^ ^ g§0ilAH2J Md| ^dhBOl ^ £| S ^sIM^HJ 
S^OI gOISfXI <&m 0\U & 5£0I S^o^l ^sf ^£|g2£ S^^Oil dfdfAH B^OI ^^£JCH 

&h» ^dl^ BtOI ^^6^XI S^OfAH WBSI8JXI SO. 

Oiyt) E+Jllfe 600 LHXI 1200°C LH Oil AH <!^^*PI , ^m^\ , 4=g^l » ^^l^|2| 
^sf^^l^lsl 10^ LHXI 120^ §SE £!S^Cf. 

M£l^£fa^l°l SOG^ ^IS Si-N^t,^^ ^^£JH, &± g if SSSfc SflPI eOilAH Oil 01 

U8^ Si-N ^^01 Si-O^^o^ xl^£J^ 51°^ ^SIXI SICF. ^EH ^SOil SJ8hS, ^«>^o^ £ = 

si-n ^^oi si-o xi^£ixi^ s^a. ngxi°t, e ^soii we Mai^^&e &^8^ sogs 

™m MEo[0\ 3|o[Oj SOG SIM ^, S^f g§I 4^IS8^ S^Oil Sl-N^^0| 2iCH CVD ^3 Oil 

oiy^ 1 ggsi et^f eooTcoi&ei s^oii^ e^xi a h oun si-n bvoi ssskm aswai ^ 
^oii eis^s Din sa^i ^chah bh^^ia^xi cnyg e^^h i200°c^cf s^oii^, 

^££ii= ^£ie 6.^^i£i xio^>iu a^oi &^8^oi bh^^a^xi aa. 

SE&, Oiy ^ g§°J ^SAI^OI 10^ S^Oil^ SOG^IOI a^dvo^oj 2 ^0I 

shah bh^^mxi am, 120^M shf8^ s^oh^ ^e.ie ^sf^si g^oi g^Fahoi u^sish 
XI so. 

oiyn §§8 si-N iti si-o^m^m a^sfe qi M^i^iei ^^i^ioiiah ^seho. on 

m ms, s«^i, 4-g^i s?i^i, &±2t ^?i^ioiiah 4-i^8fe 5101 y^5|6fa. m 

81. 4^e^l ^^I^IOilAH 4^S8^ 5101 bfi^^a^Cf. 01 CH , »¥l ^1 eOil AH 2| 1.2 LHXI 86gg%S 

^XIS^ 51 01 tl|§2!5ia. 

e ^soii mm ^soii sioH sog oigmoj ^^p^ 5000 lhxi iooooaoi ^die^ie 

^E! S ^SH^ ^^g£i *ll£i= Cfii ^O. 

AIBSB! Hi ofOIES BBIAIB^BB ^SshOj H ( f ract ionat ion)0il HjSH ggT ^X^^OI 4500 LH 

XI 700001 H. 3.0 LHXI 4,0°J ffloFOIHS M£I^^&M 4^&D. HiBfOIHS 

Sdl^^&M 3^^1011 22 LHXI 25gg%2| ^£sl goHAI^IAH ^EJ8i£}|^ 5^11 XHSS^Cf. 4^^ 
SOG S^^B 6FXI^o^AH gfif ^BiesiOII CH Si" Urn ^Hf 4° 0|8t2J 2|§ 

SOG 5^^^ 2B &m Al^^f^AH §£g ^21 £ 5011 LhEIUl b^2| ^8 SEE ^ 

u an si a. 

£ 5fe SB ^£ ^ si Oil CQM £>OI SOG g^2J g£ ^sfM UEIfcH H2HH0IO. £ 5 HI 3 EH H Oil AH All 



24-4 



gDUm 81 ^2002-0068672 



mPa.s)S UEIUiH. AHS**S 99 ^£E(1/s)B UE}^0 . E V 4- 91^ til 

21 «OI. #31 SOGg™^ 54 UiXI 420 (1/s)2J ^E CHI AH 1 LH XI 10 mPa.sSJ mS& §£B UEI^ 

§ tt 4* HQ. 

S 6 LHXI & 10^ SS8KH B 88011 218 82! SSSSI MBfiQ. 

£ 7S ^6[B, 318(10) tfOII StfSI »E» BIS330II 2I8H ^EIM ^ttM 888 CfMOfl i25|2 

s §3} g^ei Ah oh =^ dH<ynne(i2)oi siioies sdiecKsio). 

£ 8§ SS81B. BPSG, HDP tt»S| SE^ SEIfi^S SOG^e §**8h0i bH£nH©(12)M &9 

61 g^S|(14)M 888CKS12). 

£ 9M ^56^ . Si02, Ce02. A 1 203, Mn203M WIOI^S 8|-te b£I£|| 3S8h2AH B CMP a JS2§ § 

£°Mi4)g ^Dfahoi bH^nne(i2)°i fi^oi ±mw wmx\ aast(i4)s m^ecKsu). oi gh. 
Aig£i^ #ehei^ s^bH^oii uimoi ase*(i4)oii choh ^^^dui- eeh^oii b cmp gsoii 2jsh 
as ota oi s^dH^iiHesj »aao ch ax »i>iaa. 01 on y^ia as a* hi- ^bH# Afoioii e»B 

mXMI SO- 

£ 108 BS8JH. B»B 1\& ^JlfB &0|| 284(18)8 SS8PI ^3h01 B 089 BaittBtS 3§ 
soh S £H3S8CKS16). 

OIOUH, 3SBM16)8 50 LHXI 350"C *£9\ LH CHI AH 1 LH XI 5^Z! HEI HI0I88CKS18) . 

DfgOII 300 LUXI 500 °C g?!^. #8A|3IU H20 S^H ^1 Oil AH 10 » UiXI 120^ §£ 8FE. WIOI^JS 

a»8a(S20). aiE mioiu sty oil sish 3g°i(i6) msy sih4 ^^oi mmm oif^sa. 

dm on 2§^i ak^ovo^ ^^ai^i^i ¥is^oi oiyg s§§ aaecKS22). oiyg g§ sag 600 

LHXI 1200*C £^ LH CHI AH £.^B¥PI, ^BJ\ B«3I. ^B?\ SI &± #»Sfl:?|S 10S 

LH XI 120^ 2IS8CL 

nans, si-n^^b si-o bbss xi^aoi, s&ei- s^s ^di^ aj-i|o|o^ ^^a. 

OI [EH, WIOIU B3I01IAH g^8| SiH4 £^OI Xll^a 8EHOIHS El- El M B»0| 3EHH 

S, SUOIEH2J Oiy8 SSAI EhEIMOll 2| & QIOIXIM &4:AIS 4- &OIAH, ^WIS MCFT 

Olof^ HI CH m ^ SiCHAH B^iSi ^ XHI ^ 4^ &D. 

£ 11^ HEI WIOISS ^ EH Oil AH SOG^M FT-IR^ ^§6f^CK £ 11 CHI AH 4- 91^ Uh£f 

^01, H£l tHlOlU ^CHI^, EFS S ^ CHI AH N-H, Si-H, Si-N, Si-H^°l Mmm L^EIUI^ S4^ E| 

31 LhEfaa. 01 EH, Stg ^M^ll^ ^11 01 XI S ^g§* 3.63 x 10 8 (Dyne/cm 2 ) M L^EI!^ 

a. ^, Si-H ^MOI ^IHim m 4- 2iCK (If El- AH , g ^SOilAH^ Si-H ^Mi o>H bllOlU E+^l>ll01IAH 
□IEI O^^^AI^iEK HEHH^, CH y 8 g§ A| Si-H S^i^l P^SI &>SOII S| 6H 

si^ g^ssi matm ^imm^ ^ saoia. 

£ 12^ cny^ m, m^m ^m^^m uolh^ ft-ir nen^oia. £ 12011 ah ^ ^ m& ^01, 

CHyg ^CHI^, ^§°J E|§ g^lCHIAH Si-0°J UEH4jfe EI3M L^Ef^CK 01 CtH , ^^31 

± &m mi\ -1.22 x 108(Dyne/cm 2 )M UEUdtCL E 12^¥EH, SOG^LHSI Si-N^^B Si-0SB2 

SE&, ^ 6IH bilOlU Ef^llM MEI^EIS ^ AJ2J-8 ^EiSS DMHf 

aa. 

^ SSOil SjoH M El ^ El- & ^E|^ ^sf^SI ^J^8( A/min)^a8 binm 

( 5 1 )i ao. 



HDP ^MO\ 


900 




50 


3 


1 


1 


30 


MEI^EfS 


1100 


520 


70 


5 


1 


1 


30 


MEI*J!|£H 
FOx) 




1080 


130 


8 


2 


2 


310 



s 1011 uay ata aoi. » vboii 21 e laias ^Eie ^a^s aiE uaoia e»B >i s chis. b 
^8hn a§ ^^§1 ^si s 4= aia. q>e}-ah , sin lhi 01 s smeis b 

BiBBfs- s ^e«^ ^8^2] Aisi m&m nai^ ^xi&s ^ 4^ 3eh°^, ^sx-ii gsoii 
ah ob ^me\o\ Mmo\t= 201 m^ma. 

UtSI- &OI B ^IXH9 ^AlOIIOil CHoHAH°> ^ All 81 ^S£l2iX|o} g ^S2| 7I8A^ 

LH CHI AH QgJ& SJ 4^§0I ^f^&B gaXK)ll^l ^ICHAH S^h& 2J0IW, 0IEH& Si S! 4=§0I 
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9 ^S^g^Oil g3§ 2!0ia. ^AlOIIOliAH^ ^^bH£^ M&^OU CHoH ggSh 

a XI 2} CM ^ I CHI 5*S>£i*r 5101 OhUaf M£]XlS ^X^dlSOilAH M^lixIS XH^^r gi, SE£r ?-IS£fPJ 



BtSSf MM 

e chi si 6^ . m cmp §§ ^ iwem isssfb ^£i^ tusws m§ai 

oil mag m&m ^hib^i 9\$to\ sg^si mioiu b^ioiiah a^E biioium 4*aea. 3ehhs. cny 
g s§ soil ^gsioii siH4 sss^i ois^&a 4= 910. sih4si o^m<y ^oii oiyiy 
§§i 4-s&°^mi 31 01 m 3 cHyu ssai m&im ^ a ssi axia^^M s^s sei^ 

^Bie &f3W2| 3S!^i ^ HI m 4* 9JIQ. 

£E§h Oiy ^1 S§ 2011 3i^2i ^JHDl MCFT 016^1- £J£^ CMP S§ 5£fe Oil Xl ™ g§2§ 

^flllM ySSSAM ^£1^ tf»B*2| BBttttilB aifll* 4^ SID. aj£*AH, 9x121 <M 

si^e er^Aiu 4> 21a. 



s^s 1 

3^ tiH^nHijOl Sfl© e*£fll 3i» ^Oil i^^i asmfe 

3^ bH^nnesj Ah SO i ±msi^m m\ m&mm m cmp^§°^ ao^t ; 
3n^i aflst^i ^imoi ^oii s&igatss sesit ±& & 2g g^g £5 

50 UH XI 350°C Hdl WIOISoHQ, OICHAH, 300 LH XI 500°C tfllOliJSfe 

#31 2|!^§ tf»«fl3IOI|/H ^xH£IBfe B3I« ?bl& 6fe I^e} IS&g. 

a?a 2 

HI 1 &0II 9JL0\M. &D\ m&^^ BPSG, HDP Mdl^dhS e 6h»s* § CH^ 

8H4 oj 51M 6H= 

S^PS 3 

HI 2 ^ CHI 2iOUH , CMP gS°J #£H£I = Si02, Ce02, AI203, Mn203g ttilOl^^ 6hfe £S4£ie! 3jg 

4 

Xil 1 SOII SiCHAH , #3| M£l^£ISh ^E! S ^£H^ g^g 

^£^01 -(SiH 2 NH) n -(^g, n B S^OiajOIH, §§g3 ^Xh^OI 4000 LHXI 80000 1 H , gXHT 

^S^^F 3.0 LHXI 4.0O] EHofOIH^ M£l^dhS 3 LHXI 15^1?% S gDH 97 LHXI 85g^%M S&Sfb 

5 

HI 4 SOil 21CH AH , ^51 8 ^£H^ 54 LHXI 420 (1/s)2| SB ^E Oil AH 1 LHXI 10 mPa.s°J 

s^s 6 

HI 4 SOil SiCHAH, ^Ol 8 g^B oh XI ^ Oil Qia^Ol 4° 0| 51 

S^PS 7 

HI 4 SOil SiCH AH , ±B B ^£H^ g^B g^, 14: , 21, g 

Z Oil AH ^ijg SjOiE gfUSI gJr^M fiiofb i^ii 5SoF^ 5!^ ^S2S 6^ §^ S^ 

S^PS 8 

HI 4 SOU £10UH. gQHfe a^^l SE^ CI V il Oil Ell a 9J 5!§ ^S^^ 6fe g^ov g 

S^PS 9 

HI 1 SOU 2*iOi AH , ^Ol ^xHBI B^l^i B£ &9\£= 600 UiXI 1,20010°] 5i ^3°^ §2} 
S^PS 10 

HI 9 SOU 21CHAH, ^xHdl B^l^ &± ^9\D\ , ^mi\ , 4^g^l°i g¥i^l gSJ 
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a?a 11 

XHI 1 SOil °[CH AH , = 500 LHXI 10. 000 A oj >!M ^§^^ 6^ ^Zl 122} 

12 

HI 1 SOU 2ACHAH, #31 ShH bHIOlU B3||i=: fch^ ^¥131, ^e^l ^^l . £i^2J- 4*S3I9 
01 J= & 6iS}^}|01IAH 10 LHXI 120&Z* £]?S5^ £M ^S°^ SZf g£QJ gg^ 

a. 

S?» 13 

HI 1 »0!l 2101 AH , &D\ o\E. HI0IU Ef 5tlfe g*|3|. §2| CH^ B g»S g¥PI0il/H 

10 lhxi 120MZI a a ate ^s^s an- «a i^qi asss. 

S^S 14 

HI 1 S0II &101AH, S^H hHIOlU 01 SM ^MJt HS«»{!B S3I ^ XHI 01 #H 

S^CHI^ a^&a S31I ^1 0\B\^ S§1 CH ?UI8*fe 3§ ^S^^ 8Jfc 82* i^ei H£ 

a?a is 

HI 13 SOll £101 AH, &J\ ^^D\ g§8 CMPgg , 0||xl«» g§ §3 CH^ 6Hf £i 

S^PS 16 

£S nneoi ysai 3ie ^oii is^i ssm^ eai; 

40| £2 2Hesi &EOI ic#£J£^ g£^iM B CMPSS ao^te B3II; 

3gm§ 500 °C Oloh^i ££0HAH HEI WlOl^ofe BJI: 

#3| bllOl^j 0\m, &D\ 2g^2j sJCH ^JH|:>|- sJQl ^flOl- 3^^^ EJ3II OI^SJ 

S^oil^ a^^^ S3i ^ XHI OIS^ eai; 

ao| 3 am § A_h^-o|^|o||AH ^xH£|8fe ^bl» ^S21 8fe BBS* gggJB. 

17 

BzPI H£9 HHEdOl 3 Iff &0II BQQtS ISSfb E+^ll ; 

&j\ EHgHi #eoi ±ms\^m m\ m&^im s cmpss^^ ^mm^r e+^i ; 

iS6PI ?lo>G1 ^JOfM #011 BatiBtSB 5&6fb ^ffi £ ^£H^ g^M £S 

Sg^e HI 1 4i§ B£ g^lOllAH H£| WIOIUoHl, 0I01AH, HI 1 r^S g£ HI 2 db§ 

S£ g^lOllAH 6[E WlOISSfe BSI : 

3gO|f XHI 2 ^§ g£ MDf ^ HI 3 ^§ S^g^lOllAH ^aSfl^lOIIAI ^AHBISfe B5II 

S^?& 18 

BiPf IIH^IOI ISS y£x1l ^ie #011 3g^l g^6F^| ¥18f01 MEI^^^M 5^6fb ^ 

^Ol £59 2i g^M SfilAI^AH ISSf^ 

^Ol LHHJ O^^h^Sfe §y 

a^| M^25 H*8^l «8K)I OiygSh^ E+^IH ^bl6^ ^§^^ 6^ ISO} § 

get a. 

S^PS 19 

HI 18 S0II &01AH. HD\ S£l«£l& ^5! 2 g^B 

^P^^OI -(SiH 2 NH) n -(^ie. n S ^^1 §^0ICf)0|H, §gS2 ^^^01 4000 LH XI 800001 H, M^g 
^5£9^ 3.0 U1XI 4.0QJ HHSfOIH^ B£|g£t5 20 LH XI 30SS%: 91 §0H 80 LHXI 70g^%§ SSofb 

S^S 20 

HI 19 SOll 2101AH, feOI ^5! S 54 LHXI 420 (1/s)2j SB ^£01IAH 1 LHXI 10 mPa.sSj 
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g^S 21 

HI 19 SOU 9lO\M. S3I ^3 S g£H^ §2!jg 81X1^011 CHStOt 4' 01812] g^M a^g g> fe 
21 S §§°g 81 = §y 12^ IJgSS. 

S^PS 22 

HI 19 SOII SIOUH. S3I ^5! £ g£H^ g^S g^, ii, °! , S! 
SOIIAf tfSJSi SIUSJ SSSIfe g^ii SSSffe 5i ^§2S offe 13^ 

S?S 23 

HI 19 SOU SI 01 A). S3I gOHfe a^&l SEfe CI ¥ 1101191 = 2! jjg ^S°£ 81!= i^^ 

g&ss. 

S^PS 24 

HI 18 SOU S10UH, S3I Oiyg B 311 21 S£ S^lfe 600 LHXI 1.200*ceJ 21 § 8lfe> gZl 12 

OJ &j /d ttj- fc* 

S^PS 25 

HI 24 S0II SiCHAH, §xH£l EhSlfe 6} 4: S¥PI. 4=S3| SSIIH, <L^21 4=§3I°| ggf ^¥131 § 

2| ^£fg?l3|0l|A1 10 LHXI 120^2! SSSIfe 218 ^§°5 Slfe S2> i2°4 

g^PS 26 

HI 18 S0II SiOUH. S3I 3St 9?llfe 50 LHXI 350*C §E2| S£ S¥I0I|A| CIB3IIS H £ | mioiUSI^ 
218 ^§°£ 61= §aa| gg^gj. 

g^PS 27 

HI 26 SOU StCHAH, S3| OIS 314! B3llfe 300 LHXI 500TC §S2| SE S ^ CHI AH 51= bllOIUolfe 21 M 
g?S 28 

HI 27 S0II SiOUH, S3I 81 = UIIOIU B31lfer M^3I, =£§31 4= S 31 SI gS m% 

3|2| Olin S ^§1S¥I3|0||AH 10 LHXI 120SB SISSffe 21 ^§ = 5 Slfe §2331 

g^PS 29 

HI 27 SOU SICHAj. S3I 61= tHIOlU B3Hfer §!± S9I3I, 5!S §21 011= S g#£i M?13|0|| 
AH 10 LHXI 120521 SgSlfer 21 Site: 12^ g£!SE3. 
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i\3 



8 




(19) 



xhi 3ie #011 ss^m issm, bH£mn02i #eoi t^ss^ ^oi ssets m cmpss^^ s 

□hSUQ, 3g^§ lS5f:i flSKX £>0| ^HIM #011 M^I^^&M S&6fi= ^E! £ ^EH^ 

S E5»2, 2g^I 50 LHXI 350°C H£| HH0IUSH1. 0\0\k\, 300 LHXI 500°C 8hH bHI 

0IU8H2, 3g^I ^Sf^JIOilAH SXH£IBCL CUBUH . g KSOilAHfe 81 El hHIOlU SSI 4*ffl»££ 

Mi o^^^a^ as stasia hi- ei it ^m^o^Mi § § oil ah ^xnai 01° b 



la. 



£6 



BfMTAf 



£ 2^ £ i£i m?} m&Qiou cmp g§i ^ ai si-oi see a&swi bdh> #eh» uat« eh. 
s 3^ s 121 eei aeatoii m cmp g§§ ^Aimoi wm°\ &&\m uay eh. 

£ 4fe £ 321 m CMP S§ ^ CHI EH id ^VOil £fiB dTEH> UEft« £B. 

£ 5^ B SSOil 2|^ S£|AJE^& ^51 ^ g^2| SE UBfcH 

£ 6^ s at soil 2i e §^ gss@i ^sa^i ^ahe. 

£ 7 LHXI E 10^ S ^SOll 2] & 8S0f2| UEfy! S§ £AHE. 

£ 11g & BteOII 2|» SOG^S H£| WlOlgjei- ^a4-SEM UEILUfe FT-IR X^. 

e 12^ s soioii soGQim oiyssi- ^, ^m^^m ueilh^ ft-ir xm. 
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10 : D\B 

12 : s^bH<ynHe 

14 : 

16 : 1£J3 

18 : M£l*J^£h 



at so/ *rof£r Dim m j &otsi men Jim 
^ uss ee> agareioii m& £^^ah , m(fuld cmp s§ ^.e^i ^^uh^hh&im 

B£|g£t5S 5^6fb ^S! & ^SH^MSOG : SPIN ON GLASS) g^^^ 316[b US Oil 2J0IQ. 

^EJioii ^^EH£f §a ohxiisi a^m sl^ow bjeh §*ie b|o t ^o^ uasm n }| 

2 CHI SIOUH , yEfll §x|^ H^o^ §*>8|^ =AICHI CH8&2I 7H§ 3H! £0| fi?9C[. 

0IHB Q^Oil ^gshOI §x|fe <M£J£ ^ SB^E §1 t>^A|5M£r XII S PI 

*oi gfaas ao. 

aj^g xiissioi 9\mo\ bsj :>ie ^011 as m& ±x\m m&mwot mo. x-\mm= ^ ^x^e^ 
ah^ ^ ch 6hi°k ±j\ j\^m %mo\ g§ esoii ^x^ee s:>i^^ 
#s s^moiot » ne:>r swi ei&o. mos a broiso- vlsi §y ulsi smbs £>oi ±»ssi s*^ 

ESSfb at &s §^(mul t i level interconnection) 5ffcCK 

0121 ^ ^ Oil AH , (number of layers) 31- g^SOH HhSJ-AH , sJ^#(top layer)2l 

g£M topography)^ CH^ H i^SSQ. Oil B 19, i Eb 3 OI#S| S^SOI i*££J01 ?±t= ^EHI 
SHOIUHM HISShfc S^CHI , D^HJ 6hJI|°t, Cfl§ ^die £2i S XII 1 S^dH£!§0| li£J£JCH 
ffl-EMI 9II0IE-I0II HI 1 l^QtM ^. M 2 i^§I 3#6IO| blOhM ftT«»CK XII 1 

8 2^21 6^ ^SMOI MS S (uneven) 3[D\ UK SOIL XII 1 §Z! 82^2! SSOI IiS6fa. USH 

m xii i- szj g^^^cHi m 2 i^§i isofb spoilt, xii 2 ^^s^ xii 1 ezj- HHS*2| ^ 

§VU B^CEH^OII e^(fracture)6H2 XII 1 ES^ Oia& ■ » 

01 ySEXII Sx|2J ^§1 Xio^A|3|^l, rjrjeiAL a§ ^^^^(multi level metal interconnection) 

OIIAH^ bl Oh SEi= XII 2 SaSr^l 2011 SZf aaatSI S^sf^h fifiWD. 



S&SfOII CH6h0i^, dlM^ ^^01 
S0G(Spin-0n-Glass)9|M 0|§6^ &S0IU, s}^^ 



BPSG (Borophosphorous Silicate Glass)S|OIU 
aDKChemical Mechanical Polishing; CMP) 



ojbh^o^ UH^^SI at DHMSPI ¥1^ iZl i^° k 2J XH^^AH^ BPSGM OlSofe &S0| ydl 

AhgSJCH &C|. n^XIPi. BPSGS e^ h 6fe g§8 ^01^21 2|^£ S ^tH ^EHS| 21^^01 
AhetJII Ph^SE OrUdr ^^0| ^ofOI PJXI|0||£| ^I^^M UlSohZl 2iCK 

H^U. ^XH2J 256011^1- SOI^Sj VLSIM XIISo^l ¥1 6hCM S^£^r e^hoHZ C|»e!«0| ^^& v 0ll D> 
£K BPSGS Ahg6K)1 S^6KM «H^2>2| DKHH' ttH^ S0IH ^^Oil ^£1 XI 

a^o^ pjsK^ 4,^01 xim^a>iu s § oil ah hi A\mm cms ^ifsoi ^ 9XO. o\m m 

6[D\ 9)8\0)^ £IM^^ g§Hf ib|g£J CMP^SM ^S6K)|0^ ^ ^Q^OI 91U . 

£ 1011 £A|^| b^2f ^01. SZt 12^ S§^ Pl&(10)0il §£9 S^bH£IIHe(12) ^Oil SZJ 

MS^(14)S Essfs hh ^ nH © hi exK>ii HI6H s^oi s&ohxi &n m&^o. clf^ah , s 
§oi eoimt^ set s^s^i ai-^i ^a^oi s^^°^ oiixi^ ssoiu cmp g§§ Afg^a. 

£ 2011 £A|§_> CMP S§S SF¥S| ^^HH^nHSOl £^£|XI S^2S!S| 5S D J S&6^l Pi 

□Fsfe 51 oi a. cfahAH, hh^2i ^^scii af^ a cmp hi^boii s»s dishing(ajb2^s 
caauH. Q6J0IU ^^mm ?H^6 r ^i ^a^oi 5iv nH§j°i «s ^i^hxi stn cmpm 

S ( FULL ) CMP »*J0| A^gSJH 

SE 3011 EAIff « CMP Hf§ flWH HHUPII SCttSPI EEH^OII UH^g aSAI^PI % 

□au. s cmp ^eddisj e^oii coo- ^^s^ ahoia^ ^behixkmicro scratch)^ eia^oi 9 

^ ^ § CHI AH &^B(RESIDUE)M i^AI^AH XIIS m&W ^^6^ ° XII SOI SID. 

SES. M CMP 20^ DHe AhOISJ S9ie|OI a£S^I 20h£JCH Bxll tt«98MI SQ. 

01 a 901 was e»t £ 4011 eais 901 ^w(i6)oii aeri oia/H as §&sem 

U^l BO. 

01 Oil *}otO\ SOGQtS OlgB i^Q|§ g^8fb i§2 &=B 3g i§2§ S&B i^^i 

^ s§2^ yai ^aixi sia. 



24-13 



ii^H^oH ^2002-0068672 



mm IS, EJI»g^ m$\ WIS. 310, 720<1( issued to Shin et al)0il^ B£l*J£f#SM gg& M£l^ 
£f£«§ <L^^?i^lOilAH 6f^(f iring)SKX #5f*l£ISS2S S«A|9|fc &aoi 3HAIS1CH £lO. 

SE6h. OIBg^ ^8H HI 5. 976, 618s( issued to Shunichi Fukuyama et al.XMte ¥JI SOGM EfiB ^. 
2 B3||g ^xHdl g§§ AH OIB ^» «£IS«J2£ 2^A|5M^ aaOl JHAISJCH £lO. 

B£I£!&S3||2| SOG^r §^0| Si-N. Sl-H. N-H^UH^ ^S£JH. §y MM SB8Jfe ^?|Pie 

Oil AH tJil0ltJ8h£ Si-N aSOl Si-O^B2S xl^O. 01 a 1^ SOGM OlgBhOI tfBiaotSS 2 

£*m^r gfgg ^5! 3g gJSjlt 311 SSOil SJ oH ^«» 4* &ICH AH , dlgOl i^CI^ §§§ 

:>rxiii &o. 3gxi°i, si-n aaoi si-o aa©s xi^axi^ s*^ m ax4 2iO(i^^ 

^JHS 11-145286 

CEfdhAH, &m M&S^S ^eH^J Ahg£]*z: BPSG^OIU TEOSStSjtf ^dl^^Uffe a 

s m<£& §y s:>i3 ^£<m spi hhsoii i^^s af§£I^qi^ sxiiboi °icn sa. 

SEff . ^E! 3g »±}o^ £51 6PI ffH^Oil £l££Jh: £}§} tfSiaHfSI ^ffl|£E gf^ofOI 8h^ 

sa jioim s=*oiu yn<ym us es§ nneem saswi ^ws 4^ si^ci. 

Mdl^£h£h 3UQ|g 3U§°-!|i £S& O- ^ Oil fl|3i8PI ¥|8h0* 500 °C OI8h°l ^£ Oil AH 

SPi H£| UU0I3S S88f2, BBI«B>58 ^£1^ a^sI^o^ 2^6^| ^\o\0\ ttm ^2 1 Oil AH 400 °C 

oi6f©s 4* Aiaa wwaso. 

32HU. Ba^BfS 3U^2J Oib'^AI 3D^0i|AH OJX^&IBte SiH4£f &m ?h^2h &m8\0\ 

Si02£l &g WEISOI £g£!£|CH »8StH3f 2g£|^il SO. 0IH». HhEJM^ 4^ nm 0|#£| BJIM 
3hXICH , 3H0IIH2I Oiy^! S§A| HI El B 5c ^§8h0| QIQIXIB S«8f}| 

^, Mai mas Bg°jg m- eim oil ah ch ¥^>ii i^scf. cny^i * ^mdi 15,000 a 

B^^^h oijji c^|( MCFT : MAXIMUM CRACK FREE THICKNESS) 0I&2S g^g^l 01 Oil 1^:*h 
3^01 WfllStJI 9fe SJIISOI SIO. 



WgOl OimJ2Xfofi= Jim*! MM 
IfcLfAH , ^ g-g°1 mzmZt&W S&8h^ B ^SH^ ^^fmo^ A^AIOil 

v«ys ^xi^ 4^ m?i aisshfe 2010. 



Xi\ D\B ^Oil ^S^M ISO, £2 IW©S| ^301 bc#£J£^ ^,01 m CMPgg^^ ^ Dh oh 

H, Bii°IM g^S^I ¥i6h01 ^Ol aUfg ^Oil M£l^£h&M S&SFfe £ ^2li^ geijM 

£56^, 3H°IM 50 UiXI 350'C Hdl WIOIUS^. OlOiAH, 300 LH XI 500"C 6hH tHI 01 

U8H1, Bg°IM ^SSfl^lOIIAI axHBi&a. 

^, ^ ^SOIIAH^ 300 LH XI 500 °C°i ohH tHI 01 >iS2^Mi g xH £1 5§AI 0^^^£|^ 

gfg sJ^sfAl^ 4^ 0>aUH, ^xH£| g§ A| HhEie UtilS ^ XHI ^ 4* 

S s S Oil AH 6hH WIOIU 01^ Oil BU^°| MCFT Ol^oj S^Oil^ Oilxl^l ggOlU CMP g 

3g Q 42J ^^il^h MCFT OlSh^h £|£^ ^hg8h^ g§§ CH S&6fe 20| bh^^lohLf . 

EE^, 6hH WIOIU Sil ^^J6H1 2§QJ°I MCFT Ol^ej S^Oil^ Oilxl^ g§0IU CMP S§2 

^ 2g^°l MCFT OlS^h £J£^ ^^56fe g§i CH 5^8^ 2£ Dt^olLl, 

¥ ^ S Oil AH M£l^£ ^^^01 -(SiH 2 NH) n -(^ m . n g 3^010)0112, gXh 

^01 4000 LHXI 80000IH, ^Xl& 3.0 LH XI 4.021 EH8F0IH^ BBI4IBf5 3 Ui XI 15S9% 

gOH 97 UiXI 85etr%g SBffO. 

^ ttSOII CQe ^£!^^£H^ iSfg, ^S^OI -(SIH 2 NH) n -(^e, n S &S| §4^010)0111, §§S2 
gX^TOI 4000 UiXI 80000IH, ^XHT m^^Dl 3.0 LHXI 4.0B! ffl ShOI =S B&|«0-&8 S»ffO. 

«£I^O&SJ SXI£IOi 2iCh. OiS^2J H 0 f S2§Ai^ m^^^li mo\± ^D\M ^gA|5| 

H, 4^H> complex compound )M »2L|0|-a HI^S 4^ 2^0. 

0|2J0il£, SiCU SE^ SiH 2 CI 2 2f ^£1^ tt£|-0| = a 0\2im &BM3\ Ba^BI-.&B t^^oh^ SB, 

^^^e s^ai^^&ooiH^oHa Ahgshoi bbi^o&o^ 2^8h^ »b . 2oi mm 

^OH(transition metal complex compound)B AhgSfW Oh°J SFSBS 9BSf 
IT4^(dehydrogenation)8h£r ^3 MOI SX|£IOi aiO. 

SE&. Dlt^e^ ^8i X-il 5, 494, 978^ (issued to Yasuo Shimizu et . al.)0il£r ^Xh^OI 100 LHXI 

100,00001 ¥^l Bdl^^&B 0|g6h01 B£I^^&B Xil S Bhfe gtBOl ^HA|£JCH SSIO-. 

□I&5^ ^81 I1I5.905, 130^ (issued to Hirohiko Nakahara et al.JOIIfe M£|0h0|^^^ fi£| 
ohOI H^2Usl£! SS sfl^M(polyhydrogenated nitrogen-containing compound)S S PI^OH ohOII AH 

y§A|3|>IU. Mdl8h0IH^2USf ^ £| S aSS(polyhydrogenated silicon compound)2f Mdl8fOIH^2ij 
Sf S^-ffi-S SUfMM S^IS ^^l ^0H(basic solid oxide catalyst )2J ^ XH oh CHI &§A|^/H 

bbi«»5B xn^ah^ »aoi ^HAiaoi 2^0. 

OiaS^ HI 5, 436, 398s (issued to Yasuo Shimizu et alJMIE SXf^OI 1,12021 Hi oh 01 S 
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SB£l«eiB2| HI £011 3* DHM£\0\ 21CK 

□ |§|g^ ji\ 4937304s ( issued to Ayama et al.) » HI4950381S( issued to Takeuchi et al.)0||fe 

sisfe sxtsra aft B&itfet&B Hi^a^ »boi ai a ch sia. 

B KSOilAH AfgEJfe B£lftlSt59 HIS gfHOIIte fllttS a Cf. StBOII S>]oH B£ia£t& 

s e 01 a^i 4^ «a. 

gxis gtsoii £|sh xiisa mefoiEg saigas « uboii Atsv ^ ^se^ cxt&oii iff 

^S(fract ionat ion)M OlgShOI ^WofOI A18&Q . 

S tt80ll/H Ahg£|^ Mdl^Bfasj §gg3 S»»0I 4,000^0- ^Xh^CHI 2|6H 

IPKoutgassing)?* eiHoHl, tf» *J£IB^^ xiUxl^l »£| SS6K)I aesitttilOl E0I5HAH diesis* 
XI 8.000M ^lUofS, SOGS^SI §£31- =^hshCM 3gA|°| ^££]£r SOGStSI 

3SS(uniformity)0| gOIXUH fctt»S!8IXI SP. IttPAH, fflolOIES B£lttaS2| BBSS 4.000 Lfl 
XI 8.000. WB3S|8^lfe 4.500 U XI 7.00001 D. 

SE&. 9SfB5 ^»SJ1I- 4*89 HIS! B£l^£fasi 3.0MDf ^23. 

BIS! ««» ttH°J SM^OI 10JXUH HIS ^SOI LH^ ^OUH d^^StXI an, 4.0M £j»8>e. <M- 
» ^^1^2] a^OI M9S5HAH dhi^8fXI SO. III-SlAi , S£l«y&2| S»3 3.0 LH XI 4.0 

21 ^ oi d^^aha. 

6J*ff B&lftlBt&B ^21 SDH CHI g 5H A| ^ AH SOGg^g HISSCK S s § CHI AH Ahg^ ^ °ii=r § 
OH ^ AH ^ Hies SICK dh^a^lifr. ^Sf^l gOH, P ^UOH Eil = 2f as CHI eil 

s §§ ai§s ^ sip. 

Badass £i h 5fb sog e^j^ o^°t oil » ms. ^bib s&qioii Q\mo\ 4° oio^ urn 

5101 d^^iahP. ^M^OI 4° 32, 8^Qtj»2| (adhesion) 01 UHBUH d^^aFXI & 

P. 

£>Oj SOGg^B SB ^r^OilAH 1 LDXI 10 mPa.s, dJBSISMIte 1 LHXI 8 mPa.sHJ HSieh S^M 

3£feCL S CHI CEf^ S0G§°^ 54 LH XI 420 (1/s)2| 29 ^SEOilAH 1 Ui XI 10 mPa.sH] ^ g ^ 
B SiteO. 

SOGg^g ^fiOil GfPAHfe gS. MS. 2J . HIS. ^, eUJ U£ ^SM SBSlfc StBS 

a s^ss/d ^chs am ssir ^ sip. o\z\m g^seoiiAH, m±, 21. dis2f sb §ism 
soGe^oii g^^s^ s^oiife. soGe^^^^EH Ms} &z\m^o\ m^mm s&s^i sen eeH 

2J BSG^I. BPSG^ . PSG^HI SAI-& S^SCK SE&, <^S2f i8 §1^1 S 

&6fe SI- BBS M^g^AH S^^a^. ^dl^^o^Sj ^SA|^ 4- 

«5itt argon °\m m&zi &d\ sog^m ^mmo\ &&m z*t= &m «aa^ss s^Ai^a. 
Ssf B^iife hbi mioiu §y a^H wioiu b^is ^ea. 

H£l bilOI^JM 50'C LHXI 350°C S?| LH CHI AH 2 LHXI 3^Z}^j ^SSO. 

5hH tflfOlUg Hdl Ull 01 a Oil til 61-01 CH ^SOIIAH SAIZJ afflffQ. ^. 300 LHXI 500 °C LH CHI 

e M^"^ 10^ LHXI 120^ MB Siy^Cf . 5hH WlOliJg UH CHI SIH4 O^^h^j 

e ^£1 AI3UH *^ CHy gS§A| SiH4 ^^01 OF^^^SJ^ gfg SJS^AI^I^I 510 ILL 

o>H WIOIUOIIAH 5001COI^2| B£01IAH 4-^5^ , 01 y a S§0ilAH°J M£l AISF&OI ^die tf»S£9 
a«OI g 01 S^XI OIUB S20I ^6[D\\ 4£2k S^gOII {L[ E}M 3^01 ^^£ICH 

^^3^ ^die a^oi 3^a^xi s^o^ah d^^a^xi 

CHya E+^lfe 600 LHXI 1200°C S¥l LH CHI AH 6hS^¥IP| . 4^3! ^^^I. 4-g^l ^ ^± 

^m^^Di^ 10^ lhxi 120^ ase^a. 

M£l^£fa?il£l SOG^ D\B Sl-U^mog. =?£2lll t &± J! II 5&ofe S^l^l g Oil AH tHIOl 

Si-N ^i^OI Si-O^i^o^ 51^^ ohy X4 o,^ e£H « hg0i | ojg^ f o.o^o^ 2 = 

Si-N ^m0\ Si-0 ^g^o^ xl^SXI^ Sf^a. 3SXI°h ^ ^SOII CEfM Mai^fifaM &^5hfe SOGg 

<^m A^gahoi 3nahoi sog ssi ^sa^ s^oii si-Ng&oi sich cvo ^soii 

cnyti 600°cai°}oj s^oii^ ^^ahxi sof/d shn ^noi a^sFoi ^sf^sj ^ 

^chi ^s§§ mm 2iOiAH dh^^ ahxi an, cnya i2oo°cscf 3^<hi^, 

SEff. Oiya 4=9A|^0l 10^ fiCf 2fB S^Oil^ SOG^OI ^ £| B ^sf^^^oj 2 ^0| 

SHAH d^^ahXI S^H. 120M§ 5216^ S^Oil^ ^^3^ Al £1 S g^oi e^^ahoi d^^ai- 

XI BD. 

cnyg g§8 si-N ^t^e si-o^§r°s a^a^ en s^i^iej ^ss ^^pioiiah ^ts^ci. on 

B M^. M?i^l. ^i^l ^¥1^1. 4^e^l2| ^^^| Oil AH ^83^ 5101 d^2{ofCf. ^ 

81. ^e^l ^^DIOHAH 4^86^ 3101 df^^ma. 01 ffH, ^^^leOilAHSJ 1.2 LHXI 86^%^ 

^Xl a^ 330! dh^^oFD. 

e wboii ccfe era oil °ish sog 5^11 oiga^oi ^^i^i- 5000 lhxi iooooaoi ^ a ^aie^iM §^ ' 
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^51 ^ ^£H± XII3Efe CfgHf SD. 

AlBgB fflSK)IHS Sfil^eiSS ^PSSKH Sge(fractionation)OII 2I6H ggf g£ S»»OI 4500 Ui 

xi 700001 gxftr 3.0 lhxi 4.oe> msmiH^ sai^^sg 4*^ em. 4^§> wmo\^g. 

mz\^e}&m h^shoh 22 lhxi 25s ^%si ^shai^ah ^Beesn^ 5^11 hissed. 4=^ 

B SOG 3S£jg^ oHl^o^AH S» ^dl^^Oll CUB ^IM ^Hj- 4° 0|6f2i e^M 

SOG SB ^SEM 231 AI^BAH S£M ^31 £ 5011 UE*fc« S8 §£ m 

UEILH&D. 

£ 5£z SB ^£ 2af0il If^ SOG g^2] S£ ESfg UEIti! ZlBHHOILf. £ 52J Z12HH01I AH All 

S^g §£(&?!: mPa.s)M UBLO. Ail^^B SB ^£(1/s)S UDtHa. £ 5^^Ei 81 ^ 2ii=r bf- 
» SOI. feOI SOGg™^ 54 LHXI 420 (1/s)2| SB ^ £ CHI AH 1 LHXI 10 mPa.sHJ g§§! §£M UEI« 

s bt 4^ sua. 

£ 6 LHXI £ 108 g Oil 2J§! S2> 1B^ l^g§§ 

£ 7S 82E8fe. 3I»(10) ^Oil ggo| B£fll JJI23SS0II 21 oH °»EI« ^Xl-M ISel Of ^ Oil I2Sf2 

s a a St dtai a** hh£iih@< 12)01 fltoima euiecKsio). 

£ 8M S-56I-B , &OI BPSG, HDP £^ i£|§£f5[ S0GSJ8 gsfoK* 3^ dH£IIH&(12)§ £*S 

si g£ni aaaf(i4)« aa»cKsi2). 

£ 9M &3E3tB, SI02, Ce02. A 1 203, Mn203« WIOI^S Shb ^d-jdlM 328I-B Al M CMP H 0 f S2§ ^ 
B^(14)M B DhohOI 3^ dH£nH@(12)°J SBOI IBW XI §B^(14)g 38I^»CKS14). 01 OH, 

A>g£jfer ^ EH £1 3^dH£!0ll UISKM S 0 21(14) Oil LU6H ^tf^HUI- ^31 Dig Oil M CMP SSOil HJ6H 
HfBD^CH S^dH^HH^^ ySMCf CH 5^1 III >i & □ . 01 CHI a SB SBSIJtt 3^dH£ AhOI Oil Bx^S 

smji a a. 

£ 10S S k £6hB, Bxm IHS ^HfM ^CHI 3ge|(18)8 i*g8PI 9IW01 B Btasi Mdl^dfS 3g 
soh- ^B3He^Cf(S16). 

OICHAH, 2i|S|(16)8 50 LHXI 350'C UIOIIAH 1UIXI 5^2} QBJIS Mdl BUOIfJff CKS18) . 

aeoil S£M 300 LHXI 500 °C ^^A|3|H H20 ^¥1^1 Oil AH 10 m LHXI 120M 8[H tflOIUM 

Sty§hQ(S20). 6h£ WlOlfJ SISOil 2joH 311^(16) LH^I SiH4 ^^01 e^SI 0h3E^6ISO. 

aeOll 2g^f ^£[^og ^^A|3I3| ^ISFOI CHy g 5§1 S^BCKS22). Ojyiy S§ 600 
LHXI 1200°C g¥l LH CHI AH <^4ig¥l3|, ^31, ^§^1 S SiJ- g?|3|S| ^Sfg^lPIS 10M 

LHXI 120^ S8SD. 

3£1B, SI-Ng^S Si-0 ^t^S^ xl^£ICH, SSS 501 ^fe *JE|^ Ah^^o^ S&SQ. 

01 [EH. 81-EE bllOlU B 511 Oil At e^5| SIH4 ^^0| XH»@ ^EHOIH^ EhEie S4S0I ejXHSP. 

^. ^lOIIHSI CH^g SSAI nh El M01I 2IB CHOI XI M ^^A|^ 4 2-101 AH, ^^IS MCFT 

oiof^ m ch m ^ ^chah a^^si ^ x-ii m 4= a^i so. 

£ 11^ °dl WIOIU^ ^ EH OH AH SOG^M FT- 1 §S^£I *§S}SQ. £ 1 1 0il AH ^ 4- 91^ 
^01, °dl WIOIU ^CHI^, ^§°1 EhS ^¥1011 AH N-H, Sl-H, Si-N, Si-Hg°i UEfLH^ El 

31 UEI^LK 01 [EH, ^M5H^ ^M£ll^ >H0IXI^ ^§§1 3.63 x 10 8 (0yne/cm 2 )M UEIbdi 

Cf. ^, Si-H ^^Ol ^XH^M ^ ^ 2ia. CC^UH, ^ ^SOIIAHfe Sl-H 8hH WIOIU B^I>ilOilAH 

□i£i o[f]^Ai^a. 3£i°^, oiy g ssai si-h <^sf ^¥i^i ^^si ygoii sioH ^ 
gysg utiis ^xiiai^ ^ aoip. 

£ 12^ CH^^j m. ^§§1 Si4£§ UEILHfe FT— I R HBHHOia. £ 120HAH g- ^ ^0| , 

oiyg ^oii^. mm s^oiiah si-osi mm&m UEfm^ mnm u&aa. 01 ra. ^ai 

^ 2, h 8 ^51 -1.22 x 108(Dyne/cm 2 )M UEf^D. £ 12^EH, SOG^LH^J Si-N^H^ Si-O^t^o 

S 2^ ^^£JOi s^S^ <^sf ^£l^^o^ S^£J2iee ^ 4- 2iCK 

SEgh. ^ ^g£| 6hH miOlU B^IS ^tU§h MEI^'^S 3U°^ ^a. a.^^ m&m ^IBSH DIjK 

b a§ 

(sua so. 
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[S 1] 





LAL 500 


LAL 200 


100: 1 HF 


2? SC1 


*IS SCI 


Hi* 5^ 


NOR 


HOP ^ AhOI 


900 




50 


3 


1 


i 


30 




1100 


520 


70 


5 


1 


1 


30 


FOx) 




1080 


130 


8 


2 


2 


310 



5 1 0il UBB d r 2f 2*01, g ^SOil 2| » «£I«£F5 ^£|g £}£f^S 6FE tHI 01 U BSH ^SOIIE ■ 

lie ^asma- :hhj §ssi ^^§i a ^ ho. 0L>y/d, mioi^js bfch^s § 

AH ^mS[0\ M§6[h 5101 ^orCL 

^i§} Ur2f ^01 B JIXHS ^'Al Oil Oil CH 6H AH PJ ^ Ail 61 g g £1 2J XI B B »SS| PI*Ah6f g?| 

Ui Oil AH Cf^ai ql. ^g 0 | Jr^Sg SaXKHIJI &OUH g^gj- 51 01 01, Oiae ^§ §J ^§01 

9 ^8i§^g¥IOil sS?»8 &2el SOI D. ^AlOllOjlAHb S^dH£!2l BZ* §£^011 CH oH g g 8r 

StXIB CM ^ I CHI ^&Hfc SOI OFLIdr M^lxIS ^X^£ieOilAH e^jxIM XH^fe ii, SE^r ?-IHEJo] 



« W9 0II 2J6 r £, fi CMP S§ * nH©e ^S6fb gUS ME-I^BIS **£ie ttSfStS A^gAI 

Oil HrEIM HlfilB ^! XHI oh^l 9\S\0\ 3§e>2| dilOlfJ Eh 31 Oil AH 8 r E WIOI^M ^tteCL USHHS, Oiy 
§ 5§ £1011 3 get Oil IfSS SiH4 ft«8MI 0Ht^4J» 4> 2lO. SiH42j OlS^fiJ °0il CHyg 

SSI 4>SSHMMi fl|0|fflo| Oiyg g§A| EfEIM ^ ^ 2SI SX|»ogM| §£|*J 

EES. CHy^ g§ SOil Sg^oj ¥^Pr MCFT 01 o^h E|£^ CMP g§ SE^r Oil xl 2g^°] 
^XHI« ^S^SM) Mdl^drS g£ie tf»B*S| 3^^cSi 2|»l» ^ SICK Irdl-AH, &£fl| <M 



f5z; ar-p^f 
1 

HH<y HHSOI &ISEX-II Pie ^Oil BBE»> §£8 r ^ B3||: 

34* #BO| ine£l£^ 40| 19^1 M CMPg§ SOfSfe B3I; 

xlgQlM g^SPI ?i6F01 ^Ol ^Oil MSI^drSM ^51 £ g£}i^ 211 g^M £5 

3g°[f 50 LUXI 350'C S£S Hdl bi|0lli5f^, OIOUH, 300 LUXI 500°C §E^ S r H WlOIUor^ 

B3II: 
S^PS 2 

XII 1 SOll HCHAH, m<£^& BPSG, HDP tts}^ , Bd|g£f5 5^ ^El S ^£H^ § CH ^ 

s^p& 3 

XII 2 &0il HCHAH, ^,01 CMP g§2| #£|£lb Si02, Ce02, AI203. Mn203M tHI 01^^ 6^ ^a-jdjoj 31 
XII 1 SOil 2iOi AH , ^Ol Mdl^dlS S §°Jig 

^^^Ol -(SiH 2 NH) n -(^g. n S »2I 8^010)013, ' SWHS ^X^OI 4000 L4IXI 80000IH, M»g 

^5£P^ 3.0 LHXI 4.02J BBIttBfS} 3 UIXI 15S»% ^ gOH 97 UiXI 85S«r%a SSSfe 

S^P& 5 

XII 4 S01I SICHAH, ±21 £ ^2H^ 54 UiXI 420 (1/s)2| SB ^ £ CHI AH 1 UiXI 10 mPa.s2J 
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S^S 6 

XII 4 SOII £10UH, ^}| ^E! £ g^g mX|Q|0l| LH6f01 4° 01 Sfe 3 

S^PS 7 

XII 4 SOil SlCH/d. &3I ^5! S gojjo §^ oi , &± qj 

2 Oil AH ^CH£ SH4£| ^j^M 5&6fb 1^11 5if5ffe >!M Sit: 12^ 

S^PS 8 

XII 4 g0|| S^OiAH. #31 gOHfe B^^l Q « I! 0|| Ell s gi >!M Sfe §^ ^ g 

o 1 " 

S^PS 9 

Xil 1 S0II 810J/H. aaa e5 ,|oj s £ S o|- 600 i t2 oo-cei ^S°^ 5^ S2! 12 

°i g^^s. 

S^PS 10 

xii 9 soil SAOiAi. &:?i s xh ai b^i^ ^ sa^i, ^mi\ m9\j\ ^§:>i2i mm 

^Sfg^l^lOiJAH 10 LH XI 120^Zi £!SS8|-^ 31 6 ^ ^Zf i^^ g ^ « ^ . 

11 

Xil 1 SOil 2iOUH , a^j 2|°42J ^JHPf 500 LH XI 10. 000 A oj % m sgog afe sao| 

a?» 12 

XII 1 SOil 910\k\, 8fH bilOI^J E^lfe S?PI , ^g^l g?P| <M^<?f 4=e^l°i £1* 

S9Pt2l Oi^ §]■ ^»Sfl3|0fl/H 10 Ui XI 120^Z! H«8Jfc 5§ w ' fc *^ | 2 m aggj- 

S . ^ 

S^PS 13 

XII 1 SOil SlO|/d. gfE bilOI^J B^llfe m± »¥PI. £!§ g°| Oii= B M#£! S?PI0IIAi 

10 ui xi i2o«a asshfc ^§2? afc aei Sfigte. 

S^PS 14 

XII 1 SOil 2JOUH , 6>H WI0IS Oi *■ , ago*2| SQI ^flpf B^h/ah gJDJI Ol^gJ 

s^oife aaiita sai oirn^ g§§ en ^uia^ »t m& iasf gg 

as. 

S^PS 15 

HI 13 SOil &OUH, 3gQt2| ^^D\ g§8 CMPSS, Oilxl^ g§ Oi^ 8}L[ 21 

urn m%°^ mt: mzi aaot sasa. 

S^PS 16 

£2 EHeoi «|£jtil ^l&^Oil i^^i S^efe E^l; 

^^l £2 HHe°J ^S0| ^Ol iaeii M CMPgg ^Q^^ B^l; 

3g°^g^sf^i ^ma a^i ^3fg ^oii Mai^ah^e ssa^ ±b & 3g 

^>0| 3§&|§ 500 °C 0I6FSJ g£0j|AH H£l bilOIUo^ B^|; 

«3| H£| WIOIU OI*, 3 gmo, aQ | 2g^2| SJOi ^ffll^ 3^^^ o,^, = M 0 ja^ 

^>0| 6hsf^?i^|0ilAH ^xHaiSfe B^llg ^blth ^§£g #ZI g^Q| S^^S. 

S^PS 17 

&x^h nueoi g^^! ^£x|| Pie ^Oil ia^i g^Sf^ &^|; 

offe Ef^il: 

XII 1 ±™ g£ g¥IOilAi H£l WIOIU6H2. OlOiAH, XHJ 1 ^§ ^£ MCf JH| 2 ±S 

s?i0iiAH 8^ mioias^ eai; ° 
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&OI M 2 ±& S£ SL} Xl| 3 ^3 g£g^0ilAH 21 Oil AH g*H£|S^ &H\ 

S?8 18 

B»m g£!S njjgOl g£S 2|& &0|| ¥16^01 B£l*J£FSg £S5>fcr ^ 

El £ e£H^ 3i §°JiI £fi6ffe B3I ; 

£59 3g g™i ssfAi^AH ^gsje sasfe eai: 

£>0| g££] LH2J g€* }f>i 0fS3J«8Jfc B3II: SI 

^ Oh ^ 

S^PS 19 

XHI 18 »0ll £>0| B£I«BI5 ±B g g°»g 

^£^0! -(SiH 2 NH) n -(^e, n g g>>£| S^OIcnoiH, g|fg2 «»B0l 4000 LH XI 80000IH, »»B 
3.0 LHXI 4.02J ffl»0IH£ BBIftlBIS 20 LHXI 30g»%: * gOH 80 LHXI 70SSHB S»6Jfc 

S^S 20 

SI 19 S0II SICH/H. ^E! g ^aH^ §°»g 54 LHXI 420 (1/s)2| SB ^ £ Oil AH 1 LHXI 10 mPa 

21 

XII 19 SOU ^CHAH, ± B s ^ §oh° 6^X1 °| Oil QjohOI 4° OI6f£| &S|JE jjfe 

31 ^S2g su=r sei i^Qf a«»B. 

S^S 22 

XII 19 S0II 2iCH AH , &OI ^El g ^SH^ g^, i^, oj qj 

2 Oil AH 30|£ 6fU£J 5^6fb I^il 31 6*fc §2* g^Q| 

a?» 23 

XII 19 SOU 910] M , gOHi= 3^2! 5E^ p ^ n oil Eil = £J 5i ^§ Wfc 92 j 

g £j gj g 

24 

SI 18 S0II &[Oi AH , *0| OlUg B3||2| g £ 600 LHXI 1.200TC2! 31 ^§2S 8^ ft a ^3 

I O O . 

S^?& 25 

HI 24 S0II SiCHAH, feOI gxH£| 6.^ SSPI, 4»§2>l <5l^2} ^§31 °l § 

2| &SfM¥PI0||/H 10 LHXI 120S^ SSSffe 318 SS2g Slfer SZj- ggsj gggfg. 

S^Ptf 26 

Bl 18 2J0UH. feOI SSf 50 LHXI 350*C §E°J SSE S ^1 CHI AH L>B3||£ 5EI UllOIUohfe 
27 

HI 26 &0II 2JCHAH. feOI OhS ^f4J BSIfe 300 LHXI "50010 §£SJ S£E 891 Oil A| 8h£ b)IOIi,i5hfe 3JS 
S^gf 28 

HI 27 »0|| £{CHAH, 4^1 5hH U)|0IU EhSlfe <±± S9I5I a^2} 4=gU|2| g& 

3|2| CHi= e <^SfS9|3|0||AH 10 LHXI 120S2} S^SIfe 31 ^§°S 8|fe gg&S. 

29 

HI 27 if Oil SICHAH. #3| 8hH WIOIU B3||fe §i S9IPI. Sg M°| 0H!= g} glfa S9I3I0II 
AH 10 LHXI 120SZJ E!IS8lfe 2§ agog 3ffe §0504 agatg 
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